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ABSTRACT 
Utilizing stiction, a common failure mode in micro/ 
nano electromechanical systems (M/NEMS), we propose a 
method for the controlled fabrication of nanometer-thin gaps 
between electrodes.  In this approach, a single lithography 
step is used to pattern cantilevers that undergo lateral 
motion towards opposing stationary electrodes separated by 
a defined gap. Upon wet developing of the pattern, capillary 
forces induce cantilever deflection and collapse leading to 
permanent adhesion between the tip and an opposing 
support structure.  The deflection consequently reduces the 
separation gap between the cantilever and the electrodes 
neighboring the point of stiction to dimensions smaller than 
originally patterned.  Through nanoscale force control 
achieved by altering device design, we demonstrate the 
fabrication of nanogaps having controlled widths smaller 
than 15 nm. We further discuss optimization of these 
nanoscale gaps for applications in NEM and molecular 
devices. 
     
INTRODUCTION 
As dimensions are continuously scaled down to achieve 
electronic, photonic and electromechanical devices with 
improved performance and novel principles, developing 
methods for the controlled fabrication of electrodes 
separated by nanometer-thin gaps is important to enabling 
reliably-functioning devices. Current methods of fabricating 
such nanogaps include oblique-angle shadow evaporation, 
electrochemical deposition, electromigration, mechanical 
break junctions, molecular junctions and etching of 
nanometer-scale sacrificial layers [1-5].  However, these 
approaches, mainly developed for two-terminal devices, 
commonly involve multiple processing steps and lack 
robustness and tunability, thus preventing effective 
incorporation into more complex multi-terminal designs. 
These limit their practical applications in integrated 
systems.  
A common mode of failure in electromechanical 
systems is permanent adhesion between device components, 
referred to as stiction.  Stiction arises due to the surface 
adhesion forces overcoming the elastic restoring force of a 
mechanically active structure, leading to its collapse and 
hindering its recovery.  As surface adhesion forces increase 
with the decrease in gap dimensions, stiction becomes 
increasingly more challenging in NEM devices.   
Here, we propose the use of stiction, typically 
considered an irreversible failure mode, to promote 
controlled fabrication of electrodes separated by nanoscale 
gaps of varying widths.    The feasibility of this approach to 
form nanogaps with dimensions smaller than 15 nm, and 
their potential applications are investigated in this paper.  
DESIGN PRINCIPLES 
Capillary forces exerted on the mechanically-active 
structures of electromechanical systems by the drying of the 
liquid trapped in the small gaps of the devices after wet 
fabrication processing can readily lead to stiction [6].  
Taking advantage of this stiction, our proposed method of 
fabricating nanogaps relies on control of the surface 
adhesion forces at the nanoscale to enable control of 
cantilever deflection that is used to tune the gap.  The 
laterally-actuated cantilever and other device components 
are fabricated through a one-step lithography process.  
During the wet developing of the patterned structures, 
capillary forces induce deflection and eventual collapse of 
the cantilever. The stiction between the cantilever and a 
support structure enables formation of gaps smaller than 
originally patterned between the cantilever and additional 
electrodes located relative to the point of stiction.  Through 
changes to the structural design and liquid phase processing 
step, surface adhesion forces caused by the capillary action 
can be adjusted to allow for precise control of the gap size.  
 
FABRICATION  
The fabrication scheme for stiction-induced formation 
of nanogaps is shown in Figure 1. Five layers of 
poly(methyl-methacrylate) (PMMA), a positive electron 
beam resist, are spun over a silicon (Si) substrate with 2 µm-
thick thermal oxide (SiO2).  Each layer is spun at 2000 rpm 
for 45 s and baked at 180 oC for 90 s.  The initial three 
layers of PMMA have molecular weight of 495 kg/mol 
(PMMA 495 A6) and the following two layers have 
molecular weight of 950 kg/mol (PMMA 950 A4).  Next, 
the cantilever and other electrodes are defined by patterning 
the PMMA film using electron-beam (e-beam) lithography.  
The resist is developed in 1:3 dilution of methyl isobutyl 
ketone (MIBK) in isopropanol for 3 min, placed in an 
isopropanol bath to thoroughly rinse, and dried under a 
gentle stream of nitrogen normal to the surface.  Finally, 
about 10 nm of chromium (Cr) and 100 nm of gold (Au) are 
deposited over the substrate using thermal evaporation to 
form the electrodes.   
The five layers of PMMA of two different molecular 
weights with a total thickness of about 1.5 µm allow 
fabrication of large aspect ratio features with an undercut 
profile, a thinner base and a thicker top section.  The 
undercut is achieved due to the differential dissolution rate 
of PMMA of varying molecular weights in MIBK; lower 
molecular weight PMMA has a faster dissolution rate than 
the higher molecular weight PMMA.  The undercut prevents 
sidewall coverage during metal deposition and ensures 
electrical isolation between the electrodes.  The undercut 
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